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Abstract of JP1 1243251 
PROBLEM TO BE SOLVED: To make higher 
the value of the effective refractive index of an 
optical waveguide in a laser luminescence 
than that of the effective refractive index of 
GaN contact layers in a GaN laser, by a 
method wherein the GaN layer is constituted of 
an active layer having a specified 
compositional formula, guide layers and clad 
layers. SOLUTION: A GaN laser consists of, 
for example, an InAIGaN active layer 6, InGaN 
guide layers 5 and 7 which are respectively 
adjacent to the lower and upper parts of the 
layer 6, and, moreover, GaN clad layers 4 and 
8 which are respectively adjacent to the lower 
part of the layer 5 and the upper part of the 
layer 7 . Here , tfielayer 6 is formed into a * 
multiple quanturTKwell structure, wherein Jwo, 
kiMiOTI#^^ 

1>=x+y>=0)1ayers^ in which some one of the 
values of the compositions of at least the In, 
the (x), the Al and the (y) is different from the 
other values, are alternately laminated. The 
guide layers consist of an Inx Ga1-z N 
(1>=z>=0) layer and the clad layers consist of 
an Inu AIVGa1-u-v N (1>=u>=v>=0 and 
1 >=u+v>=0) layer. As a result, the value of the 
effective refractive index of the peripheral 
region of the layer 6 can be made higher than 
that of the refractive index of GaN contact 
layers, which are adjacent to the outer sides of 
the layer 6. 
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[ftfiFiiS#(Df5ffl] 

^<ife I nifU&x&tfA l ffij&y©t,>T'tifr©fita 5 
g&S2jgOj.n J! ^AJL Y Ga,.,., N (U x^y^ 

0 . lj x _+ y S 0 ) <D ffl^5g£«:ag.$iT.fc ^g^ff _ 

Tn, Ga,., N ( 1 >z >0 ) K8i. 
In, Al, Ga,.,., N (1>uSvS0. l>u+ 10 
v>0) 2»6&&:5'7 ? Kd£. 

[i§#JI2] < i 4>r514J! <t # -/ FJS i?7?F 

8 1 5GaN ft{ *» h tt U 

— tf&gtCtel^ 

4>&< £ & I n«xMA 1 ffi^XyC»l<»-rtl^(Dffl^ 
g&&2@© In, Al, Ga,.,., N (UxSy^ 

o . i ^ x + y ^ o ) ©a^stcaas txtc&m^x- 

1 n, Ga,., N ( 1 >z >0 ) j&»6>&**M FJfi. 20 

[IM3S 3 ] mUii 4 F8«. I n fflfiX z ©fiiaW<c 
£2ffi© I n t Ga,., N ( 1 > z S 0) ©B#£SfC 

mm i . 2«H>m*» 1 o«cia«{o*aM*u— tfit 

So 

[»#«4] t^B£IHBffitta©±TJC««-r*:tf 

^ kb±. mte^v K»«c*h*'tiiww*i"5 9 fb 

i^^tfGaNM^I»e»^^ifl:U-f« 30 

In, Ga,., N(l>x>0) #>e>ftSr§14B<!:. 
In, Ga,., N ( 1 >y>0. x>y) frhtehijj 
Flit. 

BuiStSttBiMfEtf-Y FBi©HL SEfcttSWBaM FB 
tmUf^ -j FBiCrafC^tt^ftrt-aET-SA 1 , Ga 

n ( i >z so ) frhKzmmmmat, 

I n, Ga,., N ( 1 >x>0) #>6&&r£ttB, Sfc 
ttl n, Ga,., N ( 1 >x>y SO ) lb ft* if 4 F 
B©JtffJ«Cfi*J8U A lfflf£z©<ii#g&&2«©A I 
, Ga,., N ( 1 >z SO) *>6&S£fi^#FflSit© 

C©£«*#F«£©»W»ll»K3&«elB®T*. I 
n. Al, Ga,...,N(Uu, vS0 % 1 S u + v 

so) frhnm^ v Fat. 
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[00011 

t, » 0E t Krf¥ WffiW'h 3t»*Ga N ft f t^*® {* 
[0002] 

[Sfcfc©t£ffi] jfiff, GaN, In, Ga,., N. Al 
, Ga,., N(O^x^l), I n, A 1, Ga,.,., 
N (O^x. y^l. 6^x+y^ 1 ) ??©GaNft{b 

GaNSLD (Laser Diode) tmVFfZ, $5- 

[0 003 ] GaNSLDIJ, /gSlWC biC J: 

G a Nf L D t LtSi<D^S^$tlt #fc*5, L 
# t 1 kA/cm' JiTFttt" & C t tf-C * 

r. £/c. U— W6©»a»« (WTFF P ; Far Fiel 
d Pattern **£*tt*7jVrfc«>» Mttfifb 

t'-AS©^/J\#^trC*->fc 0 CtDtcSb. 

ffl*^ £ U r Jf ® & G a N ft L D C ft $ T?f# £ n 
Tl, >tc«r>©#SH1tt?$> ofc. 
[0004] CCtFFPia, U-1fft©Bi?P§|S#><E> 
*ftfc«Wt?#*fcifce- A»]£©aiS^©e it?* 

s. -««:LDcw6tr-A«.-tgttnitc»Lraittriai 

[0 00 5] S£*©GaNftLD©FFP«:^G-5>^-* 

■r*©g^(S)tc^f^ffirt{cfcw^tr-A©^is. «s 

±TtC2 OS«±©E^0?:WL>. [H9 cfc 

[0 00 6] GaNILDOFFPmtt^tlfi 
tJ, U — iffefe^JS^j^*— F (anti-index quided mo 
de) (,Cj:'Q'i7t>ft2>tcSbti%%.tbtlZ. CCCSWKt 
-Fi«. rS14JI©±T (*W«Kcdw«) tc{4gf & 
@©)S»Tm*^2»?gSS©^)BtfT^J; 0 t>*#«,»«te 

[0 007]t)ib^. ae*GaN»LDl«jt(Cfc^ 
T> I nGaNiStt«<OS#f**n». >e©±T«C|»» 
TSGaN^-T Fa©SJlf* ; S:n l . HTI2G a N#-f F 
B©?HIIA»6±TK|««-i-SA lGaN^7-; F«©® 
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BCCf&o/cSlFr^^iS^- K (index quided mode^CJ: 

[0 00 8] L*>U GaNSLDW ffittUCcm^ 
4ttAT41S©3>^^ FJBtfi*l&«T&fc»* A 1 

[0 0 0 9 ] 8£*<Z)GaN3RLDrtt, *§tt»fc#-f F 

eff (n, % n, % n, <bWIB*»<0»S"C«* 
ttttJBft^) **, C<a*R^GaN3>^^ HI©JB*r 

-^«r^G, JSa»»*- FCCj:-BFFP(D^llfttt*tfc 20 

[0010JH10B, g£*<7)GaN^L 
*JB«SHCO^T* ^#Wo/cGaN3>i'^H 

[ooii] mommz, ld tt«wmK> 

1f3fc<Z>tB*t3£K (IfNFP; Near Field Patterning 

>*^rS, *5*FJi, iSA F®, fSttJS&^m®^ 30 

[0 0 1 2 ] ls% * U-^a>fci\ n-GaN3>^ 
FH25. n-AlGaN^77 FJB 2 6 v n-GaN 
#VFJf2 7. InGaNO*iT#P (OTMQW; 
Mul ti -Quantum Wei 1 <b BSfr-T £ ) «BSOffittJl 28, p 
-GaN^-fFi2 0, p - A 1 Ga v FH3 

0, p* -GaN3>^^H3 1, pM@32^6& 

[ o o i 3 ] m i o cc^-r J: 5 tc, %<d— mt p + - g 40 

aN:^>2£ HJ13 1 KBHCiiie)6tlBJS^:*^0'rc» 
i/cJ!C^n-GaNn>^^ hB2 5CC*>^'C# 

[ 0 0 1 4 ] H 1 1 tira— *frr*»feSe*OG aNS 
LD<DFFPl?*So H<Dffi«|«U-1f36<D^-A(Dft 

fire**. - l 5Kcfc0SfMCc^6n*^JKcD2Lh^ 
fjii. Ml OrcD^fcp* -GaNn>^ hS3 1 ^ 
<DfflilO&!bt l cJ:Z>i><D'V&*)> l 8Kttiacc#6n<£ 
J»^n-GaN:a>**F»25'MD3fc 
U#/cbCC<fc£ 6ft5 Q 50 
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[0015] ±IB<D^ H- ^ > a <t 0 . t£3fc<E>G 
a N^L D(DF F POUSSE- *Kl#eft£:fcfcr-A<D 
jE**g£^A*tt<!:tt. CvrtifcGaN=i>** FB2 5 
£3 l^©jBBi;ii»K*4Ci**W#Ccj:0We)* 

[0016] CQJ:^, RSiS*- FCC<tiU-lf36 
t?« F F P » 9 "C& < , F-'*>hHI 
KOlBl, >GaN3>*^FJi&Cj; <b fc £ . 

*aE3WlS<tt4. Stot, fie*<DGaNJRLDrt*Ga 
N^>*^ Fa^©7l&OfeftS:«iI>-r*fc«f>. A 1 G a 
N d> 7 * FJBOA LTn, */hS<fS 

XttA 1 GaN^7^ Kl*W<t5f OJ*»*i 

n 5:* U-$/a><De*«rH 1 2&tflg 1 

3CC^To 

[0 0 1 7 ] m 1 2«fS*(DGaN^LD^olit*i() 
fcA 1 GaN^7-v FJB2 6, 3 0<DA I ffl/&<t/?£ K 

-$/a>*S*r*&. WlBAlGaN*5>F10» 
3, *S«i«A 1 GaN^7 * FHOA 1 ffl/£r*& 0 & 

ttswv* 5 ^ - u -if ifefc© u ^ i>fitfi^g J © 

i^iro§ 0 ScfcO, A 1 GaN^7 v FHO/SS 

A 1 GaN^7 * FJB© A 1 »Jifc*;*SK 

[0018] fie*©GaN»LD«:o^r*abft:A 1 G 
aN^7*; FJB2 8. 3 0StfGaN^-f K12 7. 2 

9 (ds § cc*f -r su- if is*© mmfcm&<D&it 

*«"C*S*, F«<35WSKS*'i"*b*l»tf«i*Bfa 
F«<DJlS«r^c*<-rSC<t^SB"C* 
C00191B12. H13«Cfcl»r, Wttl^iStiS 

T5fc»KB*7 9 FJBO/PSiA liHJSRSriWn-rac 

C £ 5 C d: . 

[0 0 2 0] a*, A 1 GaNJitCteLir«GaNJBcfc 
0 fe^KWfiL^Ci/c*), AlGaN^7^ FJB©* 
tyT*JK*K<-r*CittH«"C*0. AlGaN^ 
5^ FJl*ff<"r*i«^7^ FH©^i"ffita0)/c2&U- 
If »*OttfWEEttK < So * fc, AlGaNiffe© 
GaN*IS»i©»f3BR©«a*6, AlGaNJi© 
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a imf&*>m2ttz<Ttitt*7>i>z£.cm<. ft 
ms-o&r * 6 e. t mm t & s . 

[0 0 2 1 3 CCD±5(C, <£t,>0£t,><itm$£Sgrigfg 
EfiJfP L. F F P tfflUWb 3 toft? -< * *^©f&ffl«: 
mUtcGa NSLD£St3g-r Steatite. AlGaN* 
KB©«JifrW»3tt:i»U A lJffll&SrfMirr&J&O?. 
FB£/I<T&C<hK:<|:9r£t4li-*>*M FB^ 
CWfeH 0 fcB«8l**Gj±3 tt£ C <!: jPsBBt?* o fc„ 
[0 02 2 ] LfrL— #{C*$t,»r. A Ufi^tf»nt^ 

^ ? FB£J?< - xffitaAut fin or ttfeas io 

EE#*<tt»). AlGaNiffe©GaNIMi 

«z>BT-€»©ffla*» hz^ -jt oik ft * , e © 
^6ftri,>fti,>©#g|ftr&o/c. 

[0023] 

[#6B^^t / «fc^<i:-r^is/a] iieu/cj^ccse*© 

( GaN^LDCC«, I n G a Nr£14B©±T(tK}rr £ 
GaN^'-f FliC©GaN* - -f FJB*»t»«fc^tCJtJ(iS 
SftfcA 1 GaN^77 FB£*6&**£&BJSIi2ti[tt 
©3!#JJIJf^CDtt#. 5 <E> {COT flEA lGaNi>7-;Fi 20 
£$tfcfc -5 (rCff$RX$ nfcGaNny^J h JKDSifr^CD 

sc. ff p^^wMi^^-rtiBi^c^iga^^ttti 

[0 02 4 ]»fc v 8aEOGaNS5LDKtt. f*»F 
B©A 1 ffl/&-?>/33**#< Or A lGaNi-77 FB 
©*HC&^»*l6Lh3-&J:9&"rft«. ttfttBEA* 
JbP?U ifci'^jfmi/, H4I1£©ffljn££i;& 
it^tBSTSIi^A^Siarufc. 30 

[0 02 5 ] ttiJB©raS*4«?^-r < ft 3 ft 

F F P*U|U*tt*ii*-i\ X dHJ'sOjSfliCCM 

1 0fc»ff$l14OGaN^LD*a«-r€»Ci€:Ba<J<!:-r 

So 

[0026] 

[fl«*WifcTSfctf>«>#»] #*«©¥*<* U — if* 

r> ;£>ft< <hfc I niffl^xSi^A 1 jfij$y©i,vrft*>© 40 
fiI*Jgft*2JI© In, A 1 y Ga,.,., N < 1 > x ^ 
y^0, 1 ^x + y£0) ©B#5£EftSiB3ftfc£S 
*#FM»jft*#-i-*f§ttBi> In, Ga,., N ( 1 > 
z>0) ts>htii>1j 4 FJii. In, Al, Ga,...,' 
N(l>u^v^0> l>u + v>0)Hft597i> 

[0 027 ] S/c #36B©¥*f*U--«6«tt. 4>ft 
<ife I njHJSSxRVA lfflJSRy©t>rfta>©ffl*J*!te 
£28© I n, Al, Ga,.,., N (l^x^y^O. 

i ^ x + y ^ o ) (Dmft&Kicmmzntc&m^x-nffi 50 
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M*mirZ>mmt. In.Ga,., N (l>z>0) 
frlbfZZtfj KJB4. GaN*6>^5^7 ? FB£*S 

[0 02 8] *f£0<ttiiirse#-f FJftt. InMz© 
fiI*s^ft-2>28© In, Ga,.. N ( 1 >z £0 ) ©B 
**£Stt:®B3ftfc. ^It^FiMfltSCi* 

[0 029] $ fc« *#EW©¥*#U— tf*sBtt. rStt 
Hi. lWiaffittB©±T«:BHS , *"i*f-f K»i. 9WB# 
-Y FBK-eft^ftBtS-TSS'^ FBi*£t»GaN* 
ft'<Ml^ifMI*6ft*U-1f*»Ki9l,»T. In.Ga 
,., N ( 1 >x>0 ) #>e>ft£r£ttJ§£. In, Ga 
,.» N (l>y>0, x>y) frhti&ij 4 FB£. ml 
larStiH i # -C FB t <Dffl . * fc«B5IB// W FH iflttlH 
FJBieDIHUc-tft-eft^a-rSA 1 , Ga,., N 

< 1 > z £ 0 ) *6ft -SWfflHBMBi Sr'StfC £ *<f$* 

[0 0 30] *te» *|8W©*Wf*l^— y*«aiB» 4>& 

< ifcffittJii^-f PBif7 » FB£*JWfri"SGa 
NR{t^«!*3»»*6ac*U— «BB«:*Ji»r. In, 
Ga,., N ( 1 >x>0) #>6ft*fS1£B. Jfcttln 
, Ga,., N < 1 >x>y iO) frfeS**^ FB©>t 
ffllKMS U Al ffifiK z ©^tWBft 5 2K0A1, G a 
».. N ( 1 >z £ 0 ) *6tt*^Jt^#F«»0W«l» 
£B&. c©£»^#F«i8©BBWBBK3 6«c|BiS 

T& I n„ A 1, Ga, N (Uu, v£0, 1 ^ 

u + v^0) ft>6&&*9 » F»i*d«fCi*19«i 

[0 03 1 ] 

*©^»*»aiK:siwr*. But*. *^iof i©n 

St©^8l«:#SGa NIL DCilUl^SfEr* 
5„ IlKmtGaN^LDtt, If 7 r -Y TSS 1 ©± 
OGaNA*?77l2 <h. n* -GaN3>^i' hI3 
i. n -GaNi?7 ? FB4 <b, n - I n G a N©MQ 
WtfJVmSt* In A 1 GaN©MQWffittB6i, 
p-!nGa N©MQW# -i F® 7 i , p-GaNi-7 
^ FB8 i. -GaN3>££? HB9i, -e©±«: 
J&BSSftfcp«ffil 0i^6t»^3ftS. 
[0 03 2] 3 6Kp' -GaNn>$^H9A^n 
f -GaNn>^ hB 3 ©&>*>$ rgR:fr6*jK:x-.>^> 
^0. StliO^n' -GaN2>$^H3©«IK:n 
mffil lifiBmZftZ. ftfc. GaN^777i2tt, 

T*« 1 ©±fci«*T&Ga N*£JW*jt©l£ 
B Q B 1±?:^#1- 5 C <t * a W i 0 r >S . 
[0 03 3] CCtnS©K-/OKJS i, pSOF 
KiMg-C**5. n* . p*«^ft^ft©^©F 

— »<> hm&nfix^ctim-r. «ttB6^fliB8-r& i 

n A 1 G a N©^WiPi».S*-wSi^£l>.f^t^. 
T'x^TiT^wSA^aiHCSftSiia 2 0 n mi^T©2 
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flffiSi© I n A 1 G a NHfofrftS. ftte, I n, A 1 
G a t-, ! , J N (1 k x ^ y ^ 0 > Itx + y'^O) ©M 
V E£L5 L2^£ ^rtrrTi,''. I n ffljfc xX«A 1 Ififijs.l 

St » (CSft £18 "t -t £ C <h *fc £ C <D i i . ~' I n ifi 
fcfitXtt A 1 ifij&y '." XttflWattRS x SO' y ©ffiSrigit 

SfcJIS 1 0 0 n mOT©»> ft 5 S QW^ 

[0 03 4 ] ft*s0 1 <Dii4 FJ1 5 . 7 «. -e*a© 10 
Jl£#2 0 nmtTF©2*I£I© I n, Ga,.. N (0^ 

z < i ) m&£s.<<cmmu-cMQv/Mm<DJj-< kb*j& 

ttMQW*»jt<tL-C4>^l>L-. I njfflfi£z©ffi#;tf-V K 
!■©*»» J* nfcfltJB«jft*»e> SJr^KLtfc 
&t>. 

[0 03 5 ] I nGaN^/>f FMMQW^lttll 

^^ItSCi^glift^. COi#, InGaN 
<DMQWJ10cMeSfc«S i3?© F-A> h^rSlPIK- 20 

6. CC-CS3HK-e>y<t». MQW©£.JifJii»K:-£ 

[0 03 6 ] ^ HCm-TiolC, *VFl*InGaN 

AlGaN«»H IWSt ft S^®!^* 5. "Tftfc 
SI JCm-TJc^fC I n A I GaNM6 <L-e©± 
T&cK8c"3~ -SI n G a N # F J! 5 > 7<t. S6iC-g-© 
±TiCi«tSGaNi'7'>K14, 8^6ft-5GaN 

DKfcur, I nffljSiA UU&i^Sj&fbf 5C 30 
£fc«fc»>. ffittJl. #-fF*. VlV9*v FJg*»6ft* 
BMHa«W©38fo«Jf*n. rr ©fil**. S6«© 
JWJ(cWJRbrJKlsS3*i*GaN3>i»i' hJH©JB*r* 
n, £9 fc^c*t>GaNJRLD*S5»-r-5Ci*fC* 

5. 

[ 0 0 3 7 ] HI 1 ©gg»©?$M©G a N* L D T», fi£ 
*©A 1 GaNi-7 y FJ^ftfoOtCGaN*? -j FH 
4, 8#m>6ft5fc#>. -€-©^{iltc3 6icGaN3> 
**Mf3, 9«3titt, U— !f#65fe(3:InGa 
NffittH«:i&->fcJB*r**«re- FtCfc WW 40 
h'-7l0^tl>GaN3>$i' hH^©*©b^A:b 
j&**J>fcl>. -Tftb^. GaN3>^i7 HUcfcttS^BH 
Dji#{&t&#Sfcfc©G a N*L D <fc 0 fc«4>t4. 

[ o o 3 8 ] m 2 i comi&mmicmz g aNs 

LDSC-o^TSfc&fcF F P<DBiKTitbZ>. C©<t£\ I 
n A 1 G a Nfr6ft SMQWrgftfl © A 1 ffi)?£©{I« 
^> I nGaNOMQWSffi|4Sl»4«^fi: 

ot,ir**/cfc©r*-5. 0#>U FFP©ff^Kt*MQ 

w?sttJi©A i *iUi£4c{i«£A£tt#-a-r. a i *£t? 
MQwjitt«(c-3i»r t>«Ea5Mi&«*#»e>*ifc. so 
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[0 03 9 ] AlGaN*?? FJifcfli^fcia 1 1 (C^ 
•T^*©GaN^LD©FFPKtb^-C. GaNn>$ 
* f- ncc «t Zltffl CiMb&5E.±<cffitk L . F F P «ff ft 
fc**»ttif4Ci#r*iit. ttc. 02tC7nT*ie 
TOGaNILD ©tSilT'tt. ftjfefi ±20 KT'& -3 fc 
*tf-A©ftaWH&**±5lSK:fi*U t-A&*$g/h 

•r s±-c Atift e> n/c 0 

[00401 11 «CmT« 1 ©Hfc©ffJ@.©G a Nifc L 
D». »ft$<34 2 0 nm«C*5«,»raffl"Ciltt»f^ (£% 
WifctCjiittflO U *©b*l»fHE*ttKttl kA/ 
cm* «Tt*»), S/c. U— «ff&3fc©F F P(*02© 

[0 04 1 ] ^«CH 3 KS-3# . *^HJ©0 2 ©fUt© 
Jf^(t(&SGaN^LD(COl>r!^-f 03tCfc^ 
T. Hl©GaN3fiLDt»lC-r4ai»«C{3:ra— ©#M 
IHtfctf l,-Cl>-2>. (WTE14. 06. 0 7{C*s(,>r[nI 
D) „ 

[0 0 4 2 ] m Hcfc^TW:. I n A 1 G a Nr£i4JB 6 
©±TKInGaN©MQW-f hi5. 1 tfm&l>X 
Htcifi. C© 1 nGaN©MQW#-f Ymkt, H36Cm 
*> IC I n A 1 G a NrSffil 6 ©JUW©^K:K&bT 
tJ-C^^U,, i3-C« I nA 1 GaN©MQWffitt§6 
in-GaNi'7^ FH4 <t©r B 1(Cn - I n Ga N©M 

QWtf-f KM5*g:W/cJi^7F3nrt,^ 0 

[0 04 3] 5ttC^^/<:J: 5 (C, ^St4©^Sf ft I n G 

^ffllfe*€.#, F®?:MQW^£t-ti«. fS 
t4@{cifiSUr I nGaN#6ft5m»ftMQW*r'-f K 
m*m-1 & C t 4> oltgJCft S. 
[00441 C©J:^(ClnAlGa Nr£t4@ 6 ©KIM 
©*{£«& l/T I n G aN©MQW*'-f KB^SWfctS 
^Ktt. 0 2 Kit-<-C F F P©5Saa»fli3*i^>t>**l»i 
ft 9. »14B«c«fcS3fe*J»fc**ffiT-rS*«. n. ff © 

«n3MWM*tt©F F P?:f#S C £#-C# -S. 
[0045]*1. *2 ©|QS©}f^T-©-<fc J: OK:, 
fi£*©A 1 GaN^7-; KI©^0iCGaN*7^ K 

AlGaNi-7-; K*ffl(r»tt»n«. tk«W«!a©l»«,» 
Al GaN^7'? KS{C«t5®BEP#T«>iDft<ftSfc 
dt>U—f-'%7tB^©Kif / PSE*5{S^L/, il^A 1 G 

[ 0 0 4 6 ] m 4 « . 3 ©H*S©m 6 -{C^5 

GaNSLDOWM^rftl.. H4(C^-fG 
aNSLDIJ, t7 7-f7Sfil©±«C GaN'<?7 
tI2£, n' -GaN3>^^H3i, n-InA 

lGaN?77FI12i, n - I n G a N©MQW# 
■i F©5 <t> InAlGaN©MQWSttI6i, p- 

InGa N©MQW^/'f FJ17 £, p-InAlGaN 
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KIS 1 3i, p' -Ga NrO*:* HJI9 •£ 
©JbSfltC^JSSftfcp^Esl 0 
[0 047 ] 36(0, p* -GaN3>$9 h@9^6 
n* -Ga N=>>£* HJ13©j£*$-C§P#0«jK::t * 
>?"U ^itSO/cn' -GaNa>* * h@3©3lffiCC 
n^Il 1 #JF5fi£i**i-2>. 

[0 04 8 ] CCtHliBWnSCF-^HJS 
i, pS©F-^>K*Mgf*5. S/clnAlGa 
N©MQWr£ttJ16«. J13 2 0 nmfeTF©^©^: 
& 2 ®3g© I n A 1 G a N JBfc&SKfWB 0 fcM QWfil 10 
it. X««£&ilffc Ofc*-)HXB Wt >*3© SOW 
ra&A>e>&64>©-e*D. I nGaNOMQWA'-f Fd 
5. 7«> »S 1 0 0 nmtrF©ffi(&©^&5 2fI© I 
n G aN@ &g.mc®m L /tMQWfl}jS*> 6 & -5 4>©"C 

[0 04 9 ] *Vh*15, 7 £ I n G a NOMQWif 

JBSTW^/cJ: 5«c. JlJtftt I nGa N*S»*»4Ci 
Am L c » # . cmm QW#$jj| i -T ft tits 
»»Stt4C&tcJ:*. 20 

[0050] m'iK.fik-rmsa^mtkmmiicis^xit. 

f'yy FJB1 2. 13^!n, A 1 » Ga,.,,-, N ( 1 
>u^v^0. 1 >u + v>0) (DJz'itSiATtik&fat 

[0 05 1 ] C©J:9fc*2©IStt©J$»-Ctt. ffittH 
i^7-; F®££ I nii&j£#A 1 W&£ 0 *#t<> I n A 
IGaNtU fro, ^FlilnGaNCMQWi 
-rSCi(CJ;t3, ffittJlitf-i' FHi*** FJgfr6& 
*Jgtt»Jlia«Rii©^«MB«r*n.„ ©filfr\ 3 30 
©WWclBSUT^JSSft-SGaNn;^? H^©SSt 
^n, iH^tl^GaNfLD^lL-rW. 
[0 05 2 ] fi£r>r^3©HSfi©^Si©GaN^LDt? 
tt. *l©3(E«©JB«i|3J«. GaN3>$> 1-113. 
9fr«Ji;*ftT*>. m$)}®Vrmn. tt !0SGaN3>^ 
hdcfcO fc**l>©T?. U— !f^« I n A 1 GaNrS 
ttlBKi&oAJBSr^MBtiK*- FKJ^^D. F— '<> h 
?SS©Sl»Ga Na>^^ hJl^©U^/ifL.«^f 
S. fie-^r, FFP©Sfi^(i, S2CC^fJ;^^fi 

[0 05 3 ] Sif2©ISJ6©J$g<i:PI1$. I nGa 

N(DMQW*VK15. 7tt. WlfclnAlGaN 
©M QWrSttJf 6 (DMmicM&LT Ss&fitttt < . F F P 
(Dfamftlti&tt&ttmcteZiK&UilbZfiK I nGa 
nomqw^ h*15, 7fr#-M©#-c&oTki5];fi&t 
gft/cig*S#&£f#£t£frTi*£„ C© <fc 5 tcm 3© 
3Stt©JB»©*i6*fflc»ft«. JH 1 ©SUS©»«84«H 
Bl«tc. Shfc#tt©Ga NSL D^riSC 

[005 4] 5 K*-^**ia8©»4 ©SOt©» 50 
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mic-?^x:ifrwrz>. *&w<Dm 1 7is^3 ©ius©jfj 

^tC*Jt>r. I n A 1 Ga N©MQWr§ttJi 6©W(MX 
ttfrffiijtc I n G a N ©MQ W# -T Fffl 5 . 7 
£Koi>r«Miiiyfc. ufrO. @5(c^TJ:^«:. ffitt 
B©A 1 US*s^f*^t|£ttI*W-f KJB&IBISKC I 
nGaN*)f.fj;«iJ, #W KIBitSttJBi©M© 

f+> -j 7"©^/h3^©-crsa®^aAsn/'c+ 

[0 0 5 5 ] Tft:b^. 1 n„ Ga,., N ( 0 <x< 
1) fr6fr£r§ffil<!:. I n v Ga,., N (0<y< 
1. x>y ) frht&%13 A FJIifrPSOrjfcffcSft/c 

[0056]15-Cli. Sfflgi^ FJSi*i«(C^- 

m&<Dmma->% & &ig-£frm § nt c >3fr . iBj^&Fsjgs 

r . -e©^rsfr >h ;* t »«£«c «isM$ft raii#£ d 
L/. iSc^^-ci^-if^3-a-€.©cc£.sar£i4)i^© 

[0057]i5«, (KDfflmZMM-f&tcib. InG 
aNSttllip - I nGa N*'^ FB&tfn - I nGa 
N#-( FIBi©HI{C-en-enA 1 , Ga,., N(0^z 
<1 ) fr6&4»«WM*«Wfc£*©'<>F*ifiia 
£;f;UTt,>£„ CCTAlMzClB. H?f2t§t4Jl<t 
*V FJB© I nifflfiSSx. y (x>y) i©*<a^C^T^ 

GaN*?.Wit, COAlGaNfiBS8»In 
GaN^FIiGaN^7^ FS©HtcSWC<>a 

[0 058] p mffl<DA 1 G a NfllfilPlSWrS^rS 
14B*>e>p - I nGaNtf-f FJltc^-^'-7P-f -5 
©#W±S*l. nMffJj©A 1 G a NJ»«»fi»-CjE?L3J* 
fgftl^6n- I nGaN*V FJB«C*-^-7 a-"T 
-5©*S|»±3n?>= COi^iCffittii^'f K»*tftCC 

InGaN^eMSti. M%<D¥mic&l£$ti?>V$M 
*S/|n$ otS^-tctt, rSttJl i n ffiiJR^* p fflij© I n G a N 

ti-< Fiii©F^{c^n-enA 1 GaNaiaiwiSi^is: 
[ o o 5 9 ] ;x(ca 6 tca-^^f , mmmn 5 ©»s© 

JBffitcot^rttWrS. H6i*> MiSA 1 GaNrHMI^ 
SHI 5M1 7£. ^E-n-eni nGaN©MQWr£14 
I16in-InGaN*'-f KI14 i©Fal SO* I n 
GaN©MQWfgttJt 1 6ip - InGaN 13 ■{ FH 1 
8 i©IB«:Sa!WfcG a N»L D©Wffit»it#7nS*ir<,» 



11 

•5>. CCtInGaN*-rHOM«. In, Ga 

x., n (o <y< i ) ©faB-c&jiftsn-s. 

[0 0 6 0)16 ICnktm 5 ©UttOJ^llSOG aNSL 
DS*. p-InGaN*'-/h'I18ip-GaN^7"> 

FB 8 £ <DFe1«:iI*ji*nfcX h 7 -f 7TO^PgfS£W 
«n-GaNl»^a» £B 1 9*flM.n,»*. n- 
GaNmitT'D 1 9«. piil 0 JrOifcA-f-S 
IE?Lmtf-;£ I n Ga N©MQWffitt»©SiSa«c*H»» 

J;*), u— tfl£j6©l/*t»li«i*«fl[*ffi«0. fro, 

[006 1 ] p-GaN^5? FB 8ip- InGaN 
*'-/FI18iCQSI[i, 06©K*g'C^TA. B. 

c. ©i»rti©taat«:*-5rt^i>. *©to«ttSt*G 

aN*LD©«atre«:«cS0rjB«3n4. tfci6 
{C^T^iSiCfcl,^. mSS^a y £>JB 1 9 (DWif4«P - 
G a NtClKcSn* *>©-?«&< . n-lnGaNX« 
n-A 1 GaN4II,>t^l,>, 
[0 0 6 2 ] IST'O^libtn- I nGaN?:! 
^Zm&ictt^ GaNictb^T^'> F*'-r » ^flS/hS l> 
fc«>. I nGaNOMQWffittl 1 6 © V — *f SB 
«iR3n*Ct«:«fc»3 U— JfJt©**- FjWWW3*i. 

*- F © W — tf "ItB £ tie 0 */JvO f- Aifs* 
'&Z>CtWC%2>. Sfcn-AlGaNSfflWt^K 
tt, InGaN*f>%5«-{ F BRO'ffitS BKlt^T ® 
*T**VhS<,»©T?. 3fcHDi&a&:J**K:J:») u— !f*CD« 
F*5*UfJ3n, Race*—*- F©U— SFIfefttfliJ 
fjg£&S. 

[0 0 6 3 ] C©«t9CCl^-1f«3tO9l*-F*«I8P0 
Tig— KiC-rSil^HtCC. fi£*©A 1 GaN*7 

FBKft^0 6K^-r cfc^lCGaN?-? s> Klg^rfflC* 
n«, Ga N3>£>? he^-O^cHDji^lHljSSn. 

f f p*5mwt?ns©-c. aiMKfcf orsffl^nei© 
*t;-A©fta^*>*yt^iii«:ffiiS3n*. tot. 
ft?*.* x^3?©3ti®<t L/rs&rsn/c. ^-as©/Jn 

§i,>GaNfLD4{#4Ci^S. 
[0 06 4 ] SfcS6{C^-TGaN^LD©^^e:*Jti 
T. nMffl'J©GaN^7^ FB^BSSnr^-S^ n 
-GaNf r*«©8ttK*ii-GaN:3>** hB3 

[0 06 5] 81, 03SOia4(c*3l>T5i, C©n- 
GaN3>^^H3?:n' it^CiKiDnli© 
3>£* h&Si©fgi$£0-?Tt<>3#. 06©GaN^ 
LDr«n - I nGaN^-f FB 1 4SrilSU— !f* 

GaN3>** r»3KJ:'J»«K3*'l<&©T\ CMn 
* £ -J- C<Dtc#>> 06©n-GaN 
3>jf^hB3ttHl. a3SO'04(Cjt^TJl<fi£S 
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[0 06 6] C©C£#>e.&K:|g 1 . 03^0*04^*5 
t,»r. n* -GaN3>$* h B 3 ©ftfc> 9 n - 

Ga N=>>£:5> hB£ U n-GaN>77 FlXUn 

- I nA 1 GaN»7^ KJKWC** C tWWfrtl 
•S. &*>\ |6tCfel,»tp-GaNi'7yFI8IJp- 
InGaNiUtift<, Sfc p - I n G a Ntf-* 1 FB 
18£p-GaNB£ Cttlll^ 

[0 067] ^X«:0 7 CC®-5# . 6 ©HlJS© 

10 GaNSLDtt, IS^n^ll 9tfp - I nGaN 
ii-i FBI 8£jiixT I nGaN©MQWffitii.l 6£ 
n-InGaNWFil 4i©ffl«:S-CltSil 
(C3n/cC£tc#1lt^S>-5. Sfc, 07©G a NSL D 
«A 1 G a Nit KNOtS 1 5 . 1 7***.. InGaN 
©MQWrgttB 1 6 IC&AZ IntcM* • iE?L© I n G a 
N*rVFB14. 1 8^©*-^-'7a-*ISS±L.ri/» 

[0 06 8] C©J; ^{cr£l4B 1 SftW&MM-Jv v t> 
b i 9K j: oftw^nfc^jttc-rn^. r£i£B 1 6 ^© 
20 Wkamtp am 5 oSEsttcDjgJKtcifc^r $ 6 »cair*wtc 
m->n. i/»k»flnti9k©is%£ u— *- f 

[0069] C©itn-Ga NS'/feT'a 5. ^B©^^ 

«. 07©5S^(csr-r«t^(c. -en-en a, b, c, d 

I nGaN©MQWyg14BKaA$n-2>m- : f- • IE?L 

«8t»a*i— fbsmwfttigflWJweni. &fc\ 07© 

GaNlLDKfcOt, 1 n G a N#V FB 1 4 . 18 
«. n ffiJXtt p (M©— #©& £-i-*c£4>-CS4. 
30 [0070] CCt, SB5. ®6©SaS©?T$«StC^SG 
aN*LDC«KiS^&CDl$atC-3l,>'C8iWr*. 06 fc 
^■rGaN^LD©t8jg^»^©£te0T*S. * 
-T> if"? 7 -^TSS 1 ©±tCiSSt4©®n/cG a N35© 

0. ?l^n-GaN3>$^H3, n-InGa 
N**-f FB 1 4 , A 1 G a NffJKIVeB 15. I n G a 
N©MQWrSttB 16. A 1 G a NSSMPiltB 17. p 

- I nGaN*V FB 1 8 3fCBSL&tZ. 

[0 07 1 ] ^K-n-GaNm&lE^a^Bl 9 £*ffi 

miian-GaN^-7'a ^B 1 9©— SP^rp - I nG 
aN^-f FBI Z<<cm3rhit-cmiRx-y*ZsifL. *Y 

[0072] iss&atcj; «3 . iitiie^affiaB^MtBx 

v ? > ^-CM* fflBMPSB©^ £ Hul5«?jiE^ 
P J'BiK p-GaNi>7-;F18 -fefiSftTi. «± 
©G a N«^Btiit©^S{*^-C 1 0 0 0 'C«T©MO 
CVD CMetal -Organic Chain cal Vapor Deposition)^ 

50 [0 0 7'3]^©GaNlLD-CttISAlGaN* 
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1 0 0 0 'Cfe(±©SfSfiSS5:'ff fc. 10 0 

l/-^T<. I n G a NCMQWffifflB 1 6 (CM s *s 
«A L/ fc 0 . M Q W©«|fi8 «CtS5«J5c I n $lJ&©* f » 7* 

vtvmmtoftmiftmtii i n©*B£teffc«: <£ o &ftie>*» 

[007 4116 CC^Tlit 5 ©|)|«S©J&<&©G a L 
Dfc*Jl>Tfc. MMWSSB&OTA 1 GaN*fifc*l,fc 10 
tttltfft «^»H®OB^ilJlE3 tt 5 0 n mCC 

jfi^fet*©^ 1 0 0 0°C«TK:fet>r4>+##1±j)££ 
£6»TSA lGaNWJMfilBfcfiRftT-Se 

[0 07 5 ] £-fc.mm-?n v t?M£ ItA 1 Ga N£ffi 
A 1 GaNH4Hc^£?jrf'j^#ft(,> 
©"C. 1 0 0 0 'CJi(T©ffia^S«Cj; «9*SJI©o a a 1f?!>^ 
'P&TVXi>. gift £jgiT -5 ££**•? £3. 17 

©IS 6 ©X%©J|gfflUctt& GaNfL D©*8j£tt. Hi 5 

•Kc3*4>©tffifctt*S**. EWtc^TOHWEJfc 10 0 0 

[0 07 6] ffi^CGa NifiL Dfifje©<fc 

AlGaNi'7-y KHASfffi-rSi. SJiSlOI'tHCA 1 

©i$<fc££GSo>©-e, ttft©fiW#(8TTS3M'ia** 

*^©GaN^LD«3&-C«MitXS43fcA 1 

[0077] &fc0 8 icm^z^womi comm<DB 

J»gP^-©^*^^nri/^. 13 8 K^-r.£ "5 Ga N 
SLD*ina^77 FJI2 Oi. nlGaN*V FJ12 
li. I n Ga N©MQWr£14B 1 6 i, p-GaN# 
K12 3 i, FJ12 4££^tf£#. In 

GaN©MQWffii£Jil 6£p-GaN#-fFJ123£ 
©IBItC A 1 GaN©MQWMtMBH. XttA 1 GaN 
/GaN* 6fc SMQ WWIWS)B*»tf S C £ «C J: 
0, ?St4@tcttA$n/cS-?-©P -GaN*'-f FJ12 3 

[0078] mmm*tm*MQwffimfrtni> & 40 
a 1 mt&^tsmmoA 1 Ga NB£?tMgisiMJi£-r£ 

J: 0 &MQ B (Multi -Quantum Barrier) ©#J^4iC J; «J . 

ib]-©^a 1 afire, leawttidaswa * J; k> w< -r 

[0 0 7 9 ] nGaNOMQW/Sttll 6KJ:£ 

2*©»**«A lGaN»H»il4lWI3tt5CiK 
J:D»fn3*iaa!i**i*a. m-otl nGaNSttil 
6^©^)— &Sifc©aA#'5Jt&tcfc£. &*>\ A 1 G a 
N/GaN*6<C4MQWSMIBIfi«*S»S*i^Kt> 
Al GaN©WBI»a8Ji<k|^«iftSft)ltA»*6n*. <C*» 50 
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ffTIBMQ W3SMNtlSIB(i. G a N^L D©«j(^IE<S^ 
©fcst>M gffcBS i m<D F -'S > h %^S3 F - S 
C£#X?£6„ 

[0 08 0 ] £tcMmV$mmiZ. InGaNOMQWrS 
14J11 6tn-GaN*V FJI2 1 £©ratcta:WT&& 
t,». S8(C*st,^r. K12 0. 24£-?-n 

ehnffiRO'pMI n» A 1, Ga,.,., N (1 ^u. 

v^0. Uu + v^0)*>6ft5i'7^ , I<!:U ^> 
& < £ i> p WJ&tfn f,Bi]©t,i-r*i^©HufB^ -f FJI £ Bute 

9? v vmt ©rate. DireMQwwKivsn^K^&j: 
^a^it-r. cnsr«csiB^ofca^©«jg©GaN 

[0 08 1 ]Wx«I3(Cfc^r, I n A 1 Ga N©M 
QW^St4B6£p-GaN5'^-y FJS8£©ra«:A 1 G 
aN©MQWX«A 1 Ga N/G a N#>6&£MQWiH 
KKSSfcaWSCias-CS*. SfclnAlGaN© 
MQWfgtt@6 in - I nGaNOMQW*'-/ FH5 £ 
©rate A 1 G a *fi»4 C i *sr « 4. 

[008 2]W, **W{*±iB©J«t©?B«l«:|B3eS 
ft* C £«&(,=>„ m«. H4©^3©HS6©JKSgK4j 
1>T. * r -fFJ15 > 7*iMQWfl|Jt-C*4»^tC-oi>-C 
(Wt/fc*. #-TFJ15. 7B. I n«fiffi*t*a{bSt» 
fc$i©InGaNIit5Cii-C$5. t.tc±XV> 
306©»«CC*jnrt§i4«B I n A 1 G a N©MQWX 
til nG a N©MQWia*Wt4i LT|S?ilfc*i, 

I n G a A 1 N/GaN©MQWX« I nGaN/Ga 
N©MQW^jgX«¥B© I n A 1 GaNti^t^ 

[0 08 3 ] t.tc±X<Dmis@.(Ommc^X . GaNS 
©^»»jft«nSffJ*»6lRfirS«li%tC"OC»t:lltWbfc 
A*. pMM*> 6 )£g-rSC R««1$tt<b4f|jS 
©GaN^LD^fST-SCi^-C^-So SfcRSSSS 

-frSSitCilt^GaNig^^SOfct©-^,. GaN 
©-''?;Ui'M a lt ; Sr*«<!: Ltil-^Ci &T'^i> 0 -?-©ftk 

[0 084] 

[*W©«*] ±JKL/fcJ:9K**MI!fl!>aMIMtl/— tf« 
gtCfcftWr. tSttH?: I nA 1 GaN, FJl^ I n 
GaN. i'^^KI^GaNXttlnAlGaNitS 
CttCcfcoT. b - If SfefctCfc W 2^%K©^llS9r 
^©fil^ G a N n > ^ t> YM Z. 0 < t i> C £ *s-c 
t-S©-C. GaN3>$9 FM«C*sWS^Er1i;iid&^ 

(*l±£TSC£*5-C#So 

[0 0 8 5 ] tb«WflE!SCi©A 1 GaNi'7'j F 

e©f^fe»){c. GaN>7? F)SSfc«I nifflfiS^A 1 
ffi^iO^CtFt* I n A 1 GaN^* FJISrfflU. 3 
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tbf¥«ffiio*c*ffi«aafEe*e*u, a i Ga n 

<kffe©Ga Nmit£®t<Dffl<Dft*m$imc<t:Z?5 v 
**4©S*a©«t^W«j«tt©G a N»L D &C 4 

[Ml) mi <OW&WM<OG a N*L D©KHffltiBe*t 

[H2 ]» l©jfetta>*«©GaN»LD ect$WS#* 10 

[S3] *2©Jltt©»«<DGaN»LD©|RiHfllj6* 

[i4]^3 ©*tt©Jfc«©G a N* L D ©KM*»it£ 

[05] »jg©|ga*{fA^GaN^LD<Dr£14HJtt^ 

[06]^5 ©38»©7fc«©G a N3R L D ©8ftffi«ji£ 
SrTH. 

[07] »6©3afi©»»©GaN»LD©Kffl«Kft* 20 

[0 8] »7©ie»©JpJB©GaN*LD©jgtt»iS» 
fe » S (K ffi«'iS* . 

[09] fje*©GaN3RLD«:*5»a*»tt©FFP* 

[010] Se*©GaN3RLD*C*j»SS«»tt©NFP 

[011] fi6*©GaN3RLD«c*yWS*«tt©NFP 
&7jk-?is 5 ^ > a >0 O 

[012] «(DGaNSLD^5^77 KB©/? 30 
0 O 

[013] fE*©GaN3RLDfc4rt:fS#-f KB • 
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■GaN^77?i 
•rT -GaN3>^ hfg 
•n-GaN^7*; KB 
•n- I nGaNOMQW^ KB 
• I n A I GaN©MQW?£1£Jf 



p - I n G a N©MQW//-f KB 
p-GaN>7> KB 

9- P* -GaN^>^ KB 

1 0- pli 
1 1 -ntt 

12-n-InAlGaN^-;FB 
1 3 — p - I nA 1 GaN^7 y KB 
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